Some of the effects of native bovine parathyroid hormone and of the synthetic aminoterminal 1-34 fragment on the adenylate cyclase activity of human fat cell ghosts were studied. Saturating concentrations of both hormone preparations caused a significant increase of enzyme activity by about 200-300%. Guanosine 5'-triphosphate (0.1 mM) inhibited basal enzyme activity but had no substantial effect on parathyroid hormone-stimulated enzyme activity. The guanosine 5'-triphosphate analogue, 5'-guanylyl-imidodiphosphate, produced about a threefold enhancement of basal and parathyroid hormone-stimulated enzyme activities under standard conditions (5 mM Mg+2, 1mM ATP, pH 8.0, 30 degrees C). Activation by parathyroid hormone was not influenced by beta-adrenergic blockade in contrast to stimulation by epinephrine. The sensitivity of the enzyme system to the native and the synthetic parathyroid hormone was, however, abolished after pretreatment of the fat cells with trypsin (1 mg/ml). The stimulatory effects of epinephrine and NaF were not affected by pretreatment with trypsin. The results suggest that human fat cells, like rat adipocytes, contain a multireceptor-coupled adenylate cyclase.
A B S T R A C T Some of the effects of native bovine
parathyroid hormone and of the synthetic aminoterminal 1-34 fragment on the adenylate cyclase activity of human fat cell ghosts were studied. Saturating concentrations of both hormone preparations caused a significant increase of enzyme activity by about 200-300%. Guanosine 5'-triphosphate (0.1 mM) inhibited basal enzyme activity but had no substantial effect on parathyroid hormone-stimulated enzyme activity. The guanosine 5'-triphosphate analogue, 5'-guanylyl-imidodiphosphate, produced about a threefold enhancement of basal and parathyroid hormone-stimulated enzyme activities under standard conditions (5 mM Mg2+, 1 mM ATP, pH 8.0, 30°C).
Activation by parathyroid hormone was not influenced by 83-adrenergic blockade in contrast to stimulation by epinephrine. The sensitivity of the enzyme system to the native and the synthetic parathyroid hormone was, however, abolished after pretreatment of the fat cells with trypsin (1 mg/ml). The stimulatory effects of epinephrine and NaF were not affected by pretreatment with trypsin.
The results suggest that human fat cells, like rat adipocytes, contain a multireceptor-coupled adenylate cyclase.
INTRODUCTION
The fat cell adenylate cyclase is a plasma membrane-bound enzyme which is supposed to play a central role in the stimulation of lipolysis by hormones (1) . The rat fat cell enzyme reacts to a variety of hormones including catecholamines and peptide hormones such as ACTH, glucagon, and secretin (2) (3) (4) . By contrast, only catecholamines have been found to be capable in activating the human enzyme system (5) (6) (7) (8) (9) (10) Preparation of fat cell ghosts. Adipose tissue was cuit into 20-25-mg fragments and fat cells were isolated essentially according to Rodbell (11) , except that higher concentrations of collagenase (3 mglml) were used. When present, trypsin (1 mg/ml) was included during collagenase digestion. Hen egg white trypsin inhibitor (0.1 mg/ml) was added to the washing media and the assay medium in these experiments.
Fat cell ghosts were prepared according to the same prescription (11) . The lysing medium contained 2.5 mM MgCl2, 2.5 mM ATP, 0.1 mM CaCl2, 1.0 mM KHCO3, and Tris-HCl, pH 7.6, (2.0 mM). The ghosts were suspended in a medium containing 0.1 mM KHCO3 and 25 mM mercaptoethanol in a final concentration of 0.25-2.5 mg protein/ml.
Adenylate cyclase assay. The adenylate cyclase activity was determined according to Salomon et al. (12) at 30°C. The incubation mixture contained 25 mM Tris-HCl, pH 8.0, 5 mM MgCl2, 20 mM creatine phosphate, 100 U/ml creatine phosphokinase, 1 mM 3',5'-cyclic AMP (cAMP), and 1 mM a-32P-ATP (40-50 cpm/pmol).
The reaction was initiated by addition of 20 ,ul of suspended ghosts (1-20 ,ug of ghost protein) and was terminated by addition of 0.1 ml of stopping solution composed of 2% (wtlvol) lauryl sulfate, 1 mM cAMP, and 40 mM ATP.
Cyclic 32P-cAMP was purified by column chromatography with Dowex AG-50 W-X4 (Dow Chemical Co., Midland, Mich.) and neutral alumina (12 Guanosine 5'-triphosphate (0.1 mM) significantly depressed basal enzyme activity (P c 0.05). The guanine nucleotide analogue GMP(PNP) (0.1 mM), however, caused a marked increase of basal enzyme activity by about 300% (P s 0.05) as previously reported (9, 10) . The activities of the enzyme in its GMP(PNP)-activated state were in the same range as normally observed in the presence of epinephrine (10) Fig. 2 is a typical log dose-response curve for the putire synithetic 1-34 PTH fragment on the human fat cell adenylate cyclase. The concentration of 1-34 PTH produicing half-maximal stimtulation was abouit 1.1 ,ug/ml corresponding to about 4 U/ml. Maximal response was observed at a 1-34 PTH concentration of about 12 ,ug/ml. Table I compares the effects of ACTH, glutcagon, 1-34 PTH, and epinephrine on the adenylate cyclase activity of human fat cell ghosts prepared from untreated or trypsinized fat cells. In ghosts from untreated controls ACTH (0.1 mg/ml) and glucagon (0.1 mg/ml) were ineffective in stimulating the enzyme system. 1-34 PTH (12 ,ug/ml), epinephrine (0.1 mM), and NaF (20 mM) caused about 3-, 4-, and 10-fold increases of enzyme activity in this membrane preparation. The stimulatory action of epinephrine was completely inhibited by 0.01 mM propranolol. This ,8-blocking agent had no effect on the 1- (5) (6) (7) (8) (9) (10) . It has been shown that parathyroid hormone can promote lipolysis in human adipocytes (14, 15 (14, 15) . These hormone concentrations are unplhysiologically high. It is a common experience, however, to find the adenylate cyclase system in vitro miiuch less sensitive to hormones than the intact target tissue in vivo. The specificity of PTH action is fuirther underscored by the observation that even higher concentrations of other peptide hormones such as ACTH and glucagon were ineffective in stimulating the enzyme system.
Since activation by PTH was not inhibited by f3-adrenergic blockade with propranolol, it is obvious that this hormone acts at sites distinct from the ,8-adrenergic receptor. The absence of PTH effect after pretreatment with trypsin has also been reported from membrane preparations of kidney (16) and skeletal tissue (17) . This observation implies that PTH acts via specific membrane proteins not essential for catalytic activity, catecholamine binding, or NaFstimulation. Thus, our results support the existence of a multireceptor-couipled adenylate cyclase in human fat cell ghosts.
